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10.1 INTRODUCTION 
 
Proximity sensor is among the oldest electronic parts in automation history. The 
recent research and progress of inductive proximity wave (IPS) sensor has grown 
with various demands of the domain. The IPS sensors have several unique benefits, 
such as light weight, small size, and immune to adverse environmental conditions 
and have a high switching rate for rapid response specifications. Means that, with 
the ability to detect at close range, IPS is a very useful for precision measurement 
applications. 
 
10.2 THEORY 
 
Inductive proximity sensor is made up from four main components. There are the 
coil, the oscillation circuit, the detection circuit and the output circuit [1]. As a metal 
approaches the field of eddy current, it will be induced in the surface of target. Each 
type of sensor has a specific sensing range so that the metal target detection is very 
accurate.  
Based on Figure 10.1, the sensor coil is a coil of wire typically wound around a 
ferrite core. The ferrite core will shape the field and the size of the coil will determine 
the sensing range. For the second part, the oscillator circuit will affect the field to 
cycle at specific frequency as it senses the metal. This process will creates a damping 
effect on the amount of signal that cycle back to the sensor coil. Next, the detector 
circuit will senses the change and turn ON a particular set point to generate a signal. 
Lastly, for the output part, the circuit will remain active until the target is no longer in 
sensing region and after that the output returns to its normal state.  
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Figure 10.1: Proximity Sensor Configuration 
 
 
10.3 LITERATURE REVIEW 
 
Inductive proximity sensor is a non-contact detection device [2]. Not only can 
produce a high frequency electromagnetic field up to 5000 Hz, IPS also can detect 
the presence of metal objects either ferrous or nonferrous[3]. IPS has its own 
standard of specification. For example, a sensing distances. This is the distance 
between the metal target and the system sensor. Element that dominates the sensing 
distance such as cable and temperature should be rejected to get a precise 
measurements [4]. 
Next, a widely happened phenomenon is hysteresis (H). Hysteresis happens 
when the object approaches the dynamic of the sensor surface. IPS might 
continuously switch on and off if there is not enough hysteresis. So in the sensor 
design, hysteresis is design into sensor circuitry in term of differential travel. 
IPSs are frequently used in the automation and industrial area as they are able to 
work in harsh environment.  
 
 
10.4 INDUCTIVE PROXIMITY SENSOR AS GUIDING TOOL TO LOCATE 
METAL SHRAPNEL DURING SURGERY 
 
Metal shrapnel can cause internal injury which can lead to death cause. 
Presently, doctors rely on CT scan images to locate the metal shrapnel in victim’s 
body. Most shrapnel are made of steel, aluminum and alloys. However, CT scanner 
is bulky, so it is not suitable for certain surgery. 
10.4.1 SENSOR DESIGN 
 
From its predecessors, this new version of IPS was designed as the effects of 
parasitic elements were negligible, as shown in figure 10.2. By considering 
following factors, new approach was adopted for designing new IPS [5]. Among 
them are: 
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(i) Maximize the number of turns of the sensing coil being exposed from 
the target to flux to improve detection depth. 
(ii) The diameter of the tool should be small as possible. 
(iii) The distance between sensing and dummy coils should be optimizing. 
(iv) Optimization of dimension of the exciting coils and Ampere-turns (A-
T) is required. 
 
 
Figure 10.2: Assembled view of the IPS Sensor 
 
10.4.2 PERFORMANCE ANALYSIS OF THE SENSOR 
On the experiment test, at the middle finger, there is a steel target tied behind 
it and the probe was used to sense it. To put a situation that the sensor could only see 
the bones, tissues, and blood in the fingers are keep close between itself and the 
target. The middle finger was 15-mm thick. Measurements were taken by keeping 
the sensor behind all four fingers (one after the other). From the test result, it can be 
seen that the output behind the middle finger is noticeably different from other 
fingers. Thus, the IPS has demonstrated itself as an excellent sensor for metal 
shrapnel detection. 
Next, linear (on-axis) range is the maximum DD to which the sensor can 
detect a target when placed along its axis. As usual, it can be seen that the new IPS 
has a maximum DD ≈ 3 times its diameter for few of the nonstandard targets. 
Lastly, the accuracy here may be expressed in terms of the number of times 
the sensor can detect a target at a depth in a set of measurements. Hence, by doing 
several test at different depth on air, this sensor demonstrates very high accuracy. 
 
10.5 A COMBINED INDUCTIVE-CAPACITIVE PROXIMITY SENSOR 
FOR SEAT OCCUPANCY DETECTION 
Recently, a new sensor based on capacitive proximity sensing principle was 
developed which directly can be placed below the seat form. Yet, there are chances 
for adverse behavior. For instance, a portable computer (laptop) connected to the 
power supply of the car placed on the seat can lead to similar signal characteristics as 
a human  while an inductive proximity sensor operates based on the eddy current 
principle that suitable for detecting metal. Hence, it will be very useful to combine 
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both inductive and capacitive technique to obtain an occupancy detector that can 
sense the proximity of metallic objects and human beings and which is able to 
distinguish between them [6]. 
10.5.1 INDUCTIVE-CAPACITIVE PROXIMITY SENSOR 
A proposed idea is based on combination of inductive-capacitive sensing 
principle element as in Figure 10.3. A coil with nT turns as the transmitter element. 
A flat insulated wire is used for the coil. The receiver part comprises of a receiver 
segment and a receiver coil. The receiver for capacitive sensing as the receiver 
segment and the receiving coil is magnetically linked to the transmitter element. To 
excite the transmitter element, there are two sinusoidal sources which are V1 and 
V2. The receiver segment and the receiving coil are electrically connected. The 
shunt Zsh in represents the input impedance of the measurement system. This low 
impedance shunt also keeps the receiving segment nearly at circuit ground potential. 
There are two modes of excitation, namely, mode-L and mode-C. 
 
 
Figure 10.3: A pictorial representation of the magnetic field lines based on a 
combination of inductive- and capacitive sensing principles. 
 
 
 
Figure 10.4: Block diagram representation of the measurement system used for 
the inductive–capacitive proximity sensing system 
 
In mode-L condition, the sensor detects the presence of conductive objects while 
in mode-C, it senses the proximity of human beings and grounded metallic objects. 
Hence, the proposed inductive–capacitive sensor can sense the presence of a human 
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being, as well as metallic objects, and distinguish between them. A block diagram 
on Figure 10.4 represents the measurement system employed for the proposed 
inductive–capacitive sensor is. Mode-L and mode-C measurements are performed 
one after the other in a continuous manner. 
 
10.6 EXPERIMENTAL RESULT 
As mentioned earlier, the inductive and capacitive proximity were sequentially 
measured in a continuous manner. The results in figure 10.5 were read from the 
measurement unit and recorded by a Lab VIEW program. As a whole, to complete 
an inductive and capacitive measurement, the measurement system took about 40 
μs. Unsurprisingly, the capacitance proximity shows reduced readings, in 
comparison with a vacant condition, when a grounded laptop is placed on the seat. 
However, the inductive proximity readings that are obtained during this period are 
significantly higher due to the presence of the fairly conductive object (the laptop). 
 
Figure 10.5: A result of change in the output observed from the prototype for the 
capacitive and inductive proximity modes during an adult occupancy condition, 
and a laptop (connected to the power supply) placed in the seat is shown. 
 
During the experimental test, different types of seat are varies with space between 
the sensor and the surrounding metallic structure of the seat.  This factor influences 
the measurement. However, the result of it will be seen as an offset in the output as 
the surrounding metallic structure is fixed. For an initial measurement, a reading will 
be taken once a sensor is installed in a seat at the vacant condition, and by using this 
information, the offset due to the surrounding metallic structures can be modified for 
the rest of the operation of the sensor. Thus, the proposed sensor can be used for 
different types of seats and vehicles. 
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10.7 METAL LINE DETECTION: A NEW SENSORY SYSTEM FOR LINE 
FOLLOWING MOBILE ROBOT 
 
Usually, a robot is use to move objects in daily life or in manufacturing operation 
to any desired location in auto-mode. To perform this operation, a metal line with 
certain length is placed on the desired floor to indicate the path that requires the robot 
to move. In this paper, three inductive proximity sensors are located in front of the 
robot to track the metal line that is attached on the floor [7]. 
 
10.7.1 Selection Of Sensor On System Design 
 
 
Figure 10.6: Isometric View Design 
In order to ensure the robot can trace and follow the metal line, the sensors are 
placed as in Figure 10.6. The distance between two adjacent sensors is 1.5 cm each 
while the distance between the sensors to the metal line is set to 0.4 cm in order to 
follow nominal range. Based on the operation of proximity sensor, it emits an 
electromagnetic field or a beam of electromagnetic radiation and looks for changes in 
the field or the return signal. The object being sensed is often referred to as the 
proximity sensor's target. On this project, the metal line is aluminum and to test the 
reliability of the sensory system, the metal lines are divided into a few criteria: (a) 
Non-greasy and non-dusty straight line, (b) Non-greasy and non-dusty zig-zag line, 
(c) Non-greasy and non-dusty curve line, (d) Dusty zig-zag line, (d) Greasy zig-zag 
line. 
 
10.7.2 Test Results 
From the test result in [7], it can be analyzed that the motors on the robot move 
according to the algorithm set up previously and this clarify that the sensors on robot 
perform seamlessly and the surface type does not become prohibitive factor. It is 
verified that the inductive sensors are not much influenced by this environment and 
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it can be used as alternative sensors to replace the manual-type of white and black 
line following mobile robot which normally always influenced by other environment 
conditions. 
 
10.8 ANTI-THEFT CONTROL SYSTEM DESIGN USING EMBEDDED 
SYSTEM 
 
This paper is an attempt to implement a simple, low cost anti-theft control system 
using an inbuilt microcontroller [8]. The focus on this paper will be the method on 
how it works in a lock system. 
10.8.1 Proposed Sensor Design 
As mention in Theory part, an inductive proximity sensor has four components; 
the coil sensor, oscillator, detection circuit and output circuit. Basically, the oscillator 
generates a fluctuating magnetic field the shape of a doughnut around the winding of 
the coil that locates in the device’s sensing face. 
As a metal object moves into the field of the detection of inductive proximity 
sensor, Eddy circuits build up in the metallic object, magnetically push back, and 
finally reduce the Inductive sensor’s own oscillation field. The detection circuit of the 
sensor will monitors the strength of the oscillator and when the oscillator becomes 
reduced to a sufficient level it will triggers an output from the output circuitry. The 
inductance of the loop changes according to the material inside it and since metals 
are much more effective inductors than other materials the presence of metal 
increases the current flowing through the loop. 
This change can be detected by sensing circuitry, which can signal to some other 
device whenever metal is detected. When the key is inserted inside the keyhole, the 
proximity sensor detects the obstacle and triggers the microcontroller. 
 
 
10.9 CONCLUSION 
 
The first review journal it about to locate the shrapnel during surgery by using an 
improved design of IPS. The new IPS demonstrated very high accuracy in 
recognizing the presence of a target at different depths and recognized a target 
separated by body tissues. Thus, owing to the design, functionality and extended 
detection range, the new IPS is a novel sensor. Next, on the second review journal is 
about an application of a seat occupancy sensor based on inductive and capacitive 
sensor. The method used is based from a combination of both principle of the 
sensor. At the end of the project, the performance of the prototype sensor 
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successfully detects the human seat occupancy condition with a low maintenance 
cost. 
Again, the IPS is utilized on the mobile robot that follows metal line as in the third 
review. To evaluate the performance of the robot, different environment of metal 
line have been tested. Surprisingly, the results show that the environment does not 
influence the sensory system design. Lastly, an attempt to implement a low cost 
anti-theft system as in the fourth journal is successfully achieved. IPS is applied to 
detect the obstacle as the key is inserted in the keyhole and will trigger the 
microcontroller. This simple technology might be help to minimize the theft rate.  
As a conclusion, it shows that inductive proximity sensor is applied on various 
applications on detection of metal. It is important to understand the sensing range so 
that the future technology could be develops. 
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